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Expression of Cyclin D1 and P16 in Esophageal Squamous
Cell Carcinoma
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Esophageal squamous cell carcinoma (ESCC) is one of the lethal cancers

with a high incidence rate in Asia. Many genes including cyclin D1 and p16
play important role in its carcinogenesis. We aimed to analyze the expressions
of cyclin D1 and p16 with the various clinicopathological characteristics of
ESCC.

METHODS

We examined 30 biopsy samples of ESCC for cyclin D1 and p16 protein ex-
pressions using immunohistochemistry. Immunointensity was classified as no
immunostaining (-), weakly immunostaining (+), weak immunostaining (++)
and strongly positive immunostaining (+++).

RESULTS

Out of the 30 cases, positive expression of cyclin D1 was detected in 26 cas-
es (86.7%). The percentage of tumors with invasion to the adventitia (88.2%)),
lymph node metastasis (87.5%), and tumors which were poorly differentiated
(92.9%) were higher in cyclin D1 positive tumors than in the cyclin D1 nega-
tive tumors. However no significant association was found between cyclin D1
expression and the different clinicopathological parameters.There were 22
cases of ESCC (73.3 %) which showed negativity for p16. The percentage of
tumors with invasion to the adventitia (82.4%) and poorly differentiated tu-
mors (92.9%) were higher in the p16 negative tumors than in the p16 positive
tumors. There was significant association between the histological grade and
pl6 expression (p=0.012). However, there were no significant association with
regard to site, size and lymph node status of the tumors and p16 expression.

CONCLUSION

The study shows that alterations of cyclin D1 and p16 play an important

. role in ESCC. Loss of p16 expression was associated with poor differentiation.
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INTRODUCTION

Esophageal cancer has become the sixth leading
cause of death from cancer worldwide.! More than
90% of esophageal cancers are either squamous cell
carcinoma or adenocarcinoma.? Esophageal squa-
mous cell carcinoma (ESCC) is the predominant
histological subtype worldwide with high incidence
rate in Asia.? To the best of our knowledge, there is
no data available regarding the incidence or epide-
miology of ESCC in the study area. However, in the
neighboring state of Assam in the north-east region
of India, it is the leading cause of cancer in men and
ranks second in women.*

Various genetic alterations occur during the pro-
cess of esophageal carcinogenesis. Although tre-
mendous progress has been made in surgery and
adjuvant chemoradiotherapy, prognosis of these
patients remains poor. A detailed search into these
genetic alterations can provide crucial clues to dis-
cover novel biomarkers for improving diagnosis
and guiding targeted therapy.®

Among the various genetic alterations studied as
putative biomarkers in ESCC, cyclin DI and p16
have an important role in ESCC. Gene amplifica-
tion and over-expression of cyclin D1 have been
frequently demonstrated in ESCC. Amplification
of cyclin D1 results in growth advantage for tumor
cells and enhances tumorigenesis. p16 is involved
in the pathogenesis of esophageal cancer by influ-
encing the cyclin kinase inhibitor cascade and DNA
mismatch repair processes.®

In the present study, expressions of cyclin D1 and
pl6 in ESCC were evaluated and their association
with various clinico-pathological parameters was
evaluated to study their role as prognostic markers
in ESCC.

MATERIALS AND METHODS

The study was conducted in a group of 30 con-
secutive patients with primary ESCC without any
prior history of chemotherapy or radiotherapy. Pa-
tients with inadequate biopsy or inadequate tissue
for immunohistochemistry were excluded from
the study. The diagnosis was based on endoscopic
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examination and histopathological examination of
the esophageal endoscopic biopsies and/or resec-
tion biopsies of the patients admitted in Neigrihms
hospital from January 2011 to January 2012.Union
International Cancer TNM classification guidelines
were used for staging.” The study was approved by
the Research and Ethics Committee, Neigrihms,
Shillong.

Tumors were histologically verified as ESCC and
sub-typed based on the grade of differentiation as
well differentiated (G1), moderately differentiated
(G2) or poorly differentiated (G3). Assessment of
cyclin D1 and pl16 were done immunohistochemi-
cally by Horse Radish Peroxidase (HRP) method.
The paraffin embedded sections of the tumor were
stained by a monoclonal antibody raised against cy-
clin D1 (Biogenex, CA, USA) and pl16 (Biogenex,
CA, USA).

Moreover, 4-5 um sections were placed from
paraffin blocks over the poly L-lysine coated slides.
The sections were baked by keeping the slides in a
hot plate at 60 °C for one hour and deparafinized by
using xylene 1 and xylene 2 for 10 minutes each.
Rehydration was done in graded alcohol (absolute,
90%, 70%) for 5 minutes each. They were placed
in 10 mmol/L citrate buffer (pH=6.0) to unmask the
epitopes. After microwave antigen retrieval (5 min,
450 W; 5 min, 600 W), the sections were allowed
to cool down to room temperature (approximately
20 min). The slides were washed with phosphate
buffer solution for three times with 1 minute inter-
val. After blocking the non-specific protein binding
sites with serum free protein block for 10 minutes
at room temperature, the slides were again washed
with phosphate buffer solution for three times with
1 minute interval. Power block was added on the
sections for 10 minutes at room temperature. Pri-
mary antibody was then added and the slides were
incubated in humidity chamber for 60 minutes at
room temperature and washed with phosphate buf-
fer solution thrice with 1 minute interval. After ad-
dition of super enhancer for 30 minutes at room
temperature and washing with phosphate buffer so-
lution thrice with 1 minute interval, polymer HRP
(secondary antibody) was added and incubated in
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humidity chamber for 30 minutes at room tempera-
ture. The slides were washed with phosphate buf-
fer solution thrice with 1 minute interval and 3,3
Diaminobenzidine chromogen was added and in-
cubated for 5 to 10 minutes at room temperature.
The slides were then washed in distilled water and
counter stained with Mayer’s hematoxylin for 1 to
2 minutes. The slides were put in running tap water
for 5 minutes and dehydrated in graded concentra-
tion of alcohol (70%, 90%, absolute) for 1 minute
each. Thereafter, the slides were mounted with
distyrenephthalate xylene.

Each slide was examined under a light micro-
scope without the knowledge of the patient’s oth-
er data. A minimum of 100 neoplastic cells were
examined. According to the intensity of staining
of neoplastic cells and the percentage of positive
cells, the results of immunostaining in tissues were
scored. Immunoreactivity was classified into the
following three categories based on the percentage
of tumor cells showing nuclear reactivity: less than
10%, 10-50% and more than 50%. Immunointensi-
ty was classified as no immunostaining (-), weakly
immunostaining (+), weak immunostaining (++)
and strongly positive immunostaining (+++). For
cyclin D1 staining, if strong nuclear staining was
recognized in more than 10% of the tumor cells, the
specimen was considered to be positive. If strong
nuclear staining was seen in less than 10% of the tu-
mor cells, the specimen was judged to be negative.
Positivity for pl6 staining was considered if more
than 80% of the tumor cells showed strong nuclear
staining. If less than 80% of the tumor cells showed
nuclear staining, the specimen was considered to be
negative.®

Normal esophageal epithelia, which represented
a positive control, were included in each run and the
negative control section was carried out by omitting
the primary antibody. We also considered the adja-
cent non-neoplastic squamous epithelia to compare
the positive staining in tumors. In cyclin D1 immu-
nostaining, adequate nuclear staining was observed
in the benign controls in the normal epithelia in all
cases, which represented a positive control. The be-
nign controls showed pl16 expression in less than
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20% of cells with weak intensity mainly confined
to the basal epithelial cells.

Association between cyclin D1 and p16 expres-
sion with clinicopathological parameters were eval-
uated by Chi-Square (x?) test and Fischer’s exact
test. Probability (p) less than 0.05 was considered
statistically significant.

RESULTS

A total of 30 patients with histologically con-
firmed squamous cell carcinoma of the esophagus
were included in the study. There were 20 men and
10 women. The age of the patients ranged from 36
years to 79 years with a mean of 53.2 years. Histo-
logical grading of the 30 patients was as follows:
2 patients were well differentiated ESCC (G1), 14
patients were moderately differentiated ESCC (G2)
and 14 patients were poorly differentiated ESCC
(G3). There were 7 cases in stage I, 8 in stage II,
11 in stage III, and 4 in stage IV. In all the 30 pa-
tients of ESCC, the association of p16 and cyclin
D1 expression and the clinicopathological param-
eters like tumor

site, tumor size, tumor invasion to adventitia,
lymph node metastasis and histological grade of tu-
mors were analyzed.

Out of the 30 patients, positive expression of
cyclin Dlwas detected in 26 (86.7%) patients and
the remaining 4 patients were cyclin D1 negative
(13.3%). The percentage of tumors with invasion
to the adventitia (88.2%), lymph node metastasis
(87.5%), and tumors which were poorly differen-
tiated (92.9%) were higher in the cyclin D1 posi-
tive tumors than in the cyclin D1 negative tumors.
However, no significant association was found be-
tween cyclin D1 expression and the different clini-
copathological parameters (Table 1).

We found that 22 (73.3 %) patients had ESCC
which showed negativity for p16. The remaining
8 (26.7%) patients were positive for pl16. The per-
centage of tumors with invasion to the adventitia
(82.4%) and poorly differentiated tumors (92.9%)
were higher in the p16 negative tumors than in the
pl6 positive tumors. There was significant associa-




Table 1: Distribution of variables in 30 cases of ESCC by cyclin D1 status

Total number

Cyclin D1 negative Cyclin D1 positive

(n=30) (n=4) (n= 26) pvalue
) <3cm 15 1(6.7%) 14 (93.3%) 0.597
Tumor size (cm)
>3 cm 15 3 (20%) 12 (80%)
Upper 1/3rd (C15.3) 0 0 0
Middle 1/3rd (C15.4) 12 1(8.3%) 11 (91.7%)
Tumor site 0.522
Lower 1/3rd (C15.5) 15 2(13.3%) 13 (86.7%)
Overlapping lesion (C15.8) 3 1(33.3%) 2 (66.7%)
Tumor invasionto ~ NO 13 2 (15.4%) 11 (84.6%) 1.000
adventitia Yes 17 2 (11.8%) 15 (88.2%)
Lymph node Absent 14 2 (14.3%) 12 (85.7%) 1.000
metastasis Present 16 2 (12.5%) 14 (87.5%)
Well differentiated(G1) 2 1 (50%) 1 (50%)
gim“(‘)’rlc’gic typeof 1o derately differentiated(G2) 14 2 (14.3%) 12 (85.7%) 0.246
Poorly differentiated(G3) 14 1(7.1%) 13 (92.9%)
Table 2: Distribution of variables in 30 cases of ESCC by p16 status
Tot?lll:l;g;ber p16 negative (n=22) p16 positive (n=8)  p value
. <3cm 15 11 (73.3%) 4 (26.7%) 1318
Tumor size (cm)
>3 cm 15 11 (73.3%) 4(26.7%)
Upper 1/3rd (C15.3) 0 0 0
. Middle 1/3rd (C15.4) 12 8 (66.7%) 4 (33.3%)
Tumor site 0.711
Lower 1/3rd (C15.5) 15 12 (80%) 3 (20%)
Overlapping lesion (C15.8) 3 2 (66.7%) 1(33.3%)
Tumor invasion to No 13 8(61.5%) 5 (38.5%) 0242
adventitia Yes 17 14 (82.4%) 3 (17.6%)
Lymph node Absent 14 11 (78.6%) 3(21.4%) 0,688
metastasis Present 16 11 (68.8%) 5(31.2%)
Well differentiated(G1) 2 0 2 (100%)
Eﬁtgrlogic e ol \1oderately differentiated(G2) 14 9 (64.3%) 5(35.7%) 0.012
Poorly differentiated(G3) 14 13 (92.9%) 1 (7.1%)

tion between the histologic grade and pl16 expres-
sion (p=0.012). However, there were no significant
association with regard to site, size and lymph node
status of the tumors and p16 expression (Table 2).

DISCUSSION

Cyclin D1 gene encodes a protein that complex-
es with a cyclin dependent protein kinase (CDK)
to phosphorylate pRb protein and promote cell’s
advancement from the G1 phase to the S phase.
Overexpression of cyclin D1 is thought to override
the G1 checkpoint, driving tumor cell prolifera-
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tion.” Amplification of cyclin D1 results in growth
advantage for tumor cells and enhances tumorigen-
esis.® In ESCC, cyclin D1 overexpression plays an
important role in cell transformation.’ Studies on
ESCC have shown that cyclin DI overexpression,
evaluated by immunohistochemical staining, re-
sults from cyclin DI amplification.®

In the present study, positive expression of cy-
clin D1 was detected in 86.7% of the patients. The
percentage was higher than in other high incidence
areas like Japan, South Africa, China and other
regions of India. In a study done in Japan, the re-
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searchers found 25% cyclin D1 overexpression.®
Similarly in South Africa, Chetty and co-workers
demonstrated 29% of ESCC immunopositivity for
cyclin D1 and in China, Lin and colleagues dem-
onstrated 56.5% cyclin D1 immunopositivity.'®!! In
a study done in India, 67% immunopositivity for
cyclin D1 was shown.!? These differences in results
reflect geographical and epidemiological variations.
Local dietary habits consist of rice along with fish
or meat preparations. Moreover hot chilli, smoked
meat and hot tea are quite popular. In a study done
by Phukan and colleagues in the north-east region
of India, it was found that consumption of very
spicy foods, hot foods and beverages, a diet con-
taining high amounts of chilli and leftover food was
positively associated with the risk of esophageal
cancer.'> Moreover tobacco smoking, betel quid
chewing and alcohol consumption are the major
known risk factors for esophageal cancer.!* Betel
quid chewing, a common habit in south-ecast Asia
has been found to increase the risk of developing
ESCC by 4.7-13.3 fold, although other exogenous
risk factors may also be involved.'" The north-east
Indian variety of betel nut, locally known as ‘kwai’,
is raw, wet and consumed unprocessed with betel-
leaf and slaked lime and contains higher alkaloids,
polyphenol and tannins, which has been found to
be genotoxic."” This assumes importance since us-
ing fermented areca nuts with any form of tobacco
is a common habit in the area of the study and is a
potential risk factor of ESCC in this region.
Association of cyclin D1 expression with clini-
copathological parameters were analyzed in the
present study. The percentage of tumors with inva-
sion to the adventitia (88.2%), lymph node metas-
tasis (87.5%) and tumors which were poorly dif-
ferentiated (92.9%) were higher in the cyclin D1
positive tumors than in the cyclin D1 negative tu-
mors. However, there were no significant associa-
tion with cyclin D1 expression with regard to site,
size, tumor invasion, lymph node status and histo-
logical grade of the tumors. Similar results were ob-
tained in other studies.®!! Takeuchi and colleagues
observed that the percentage of cyclin D1 positive
tumors was higher in tumors with invasion to the
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adventitia and lymph node metastasis.® However in
both no significant association of cyclin D1 positiv-
ity with tumor invasion, lymph node metastasis or
differentiation was observed.®!!

pl6 is a cyclin dependent kinase inhibitor that
regulates cell cycle progression. Alterations of p16
occur by multiple mechanisms, including mutation,
loss of heterozygosity (LOH) and promoter hyper-
methylation.!® Immunohistochemical staining is
useful for the detection and localization of aberrant
p16 expressionin tumor samples.® Different studies
showed variable loss of p16 expression in ESCC.

In the present study, 73.3 % of cases showed
negativity for pl16. Takeuchi and co-workers de-
tected loss of pl6 in expression 50%, Mathew
and colleagues in 45% of ESCC, and Taghavi and
colleagues in 56%.%'>!7 In the present study the
percentage of pl6 negativity was higher than the
other studies. Increased loss of pl6 expression in
the present study may be a consequence of various
environmental and lifestyle factors specific to this
region associated with an increased susceptibility
to ESCC as mentioned above.

The study on association of p16 expression and
the clinicopathological parameters showed that
the percentage of tumors which were more than 3
cm (73.3%), tumors with invasion to the adventi-
tia (82.4%), lymph node metastasis (68.8%) and
tumors which were poorly differentiated (92.9%)
were pl6 negative. However, there was no signifi-
cant statistical association in pl6 expression with
any of these parameters. Our findings are similar to
several other studies.®!® There was significant as-
sociation between the histological grading and p16
expression (p=0.012). There was a tendency for a
decreased percentage of pl6 negativity in poorly
differentiated ESCC compared with moderately
differentiated ESCC. There was no case of well dif-
ferentiated ESCC, which were p16 negative. The
association of pl6 alterations with advanced-stage
ESCC suggests that pl6 alterations confer tumor
cells with invasiveness and aggressiveness. From
the therapeutic point of view this is important as cells
lacking pl16 are resistant to DNA damage-induced
growth arrest compared with cells that retain p16."




In the present study, 70% of the patients were
both positive for cyclin D1 and negative for p16. In
another study, 71% of the patients were positive for
cyclin D1 and negative for p16.* The mechanism
underlying the correlation between cyclin DI over-
expression and loss of pl6 expression has not been
identified, but these results suggest that accumula-
tion of many kinds of gene alterations occurs during
oncogenesis and tumor progression. Furthermore,
the p16 and cyclin D1 alterations may be linked be-
cause these cell cycle regulators are associated with
CDK4-mediated phosphorylation of pRb.®

A small sample size was the major limitation of
the study and a larger cohort over a longer duration
is required to arrive at a conclusive result. However
the present study attempts to analyze the role of p16
and cyclin D1 in ESCC in a region, where limited
data is available regarding ESCC.

In conclusion, we report that alterations of Cy-
clin DI and pl16 play an important role in ESCC.
The deregulated proteins confer an aggressive be-
havior to the tumor cells. Loss of pl6 expression
was associated with poor differentiation however
cyclin DI overexpression was independent of clini-
copathological factors in this study.
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